Objective. We assessed the effects of potential patient risk factors on short-term clinical response to acute asthma care among adults who often require emergency department (ED) visits and hospitalizations to manage their asthma.
care. These factors involve the environmental context of an factors: ozone exposure, indoor allergy and exposure (dustindividual and the individual's personal characteristics (i.e. mite, cockroach, mold, cat, and dog), active and passive genetic, sociodemographic, health habits, beliefs and attitudes, cigarette smoking, upper respiratory infection in the last and preferences). The study addressed as many of these factors month, lower asthma knowledge, and asthma medication [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] (i.e. patient characteristics and their environmental non-adherence. Confounding patient variables were asthma context) as possible to evaluate their influence on lung severity, age, gender, and educational level. The measures for function [18] based on a thorough literature review, which the patient risk factors were obtained at the 2-to 3-week also provided a theoretical framework for the study [19] .
follow-up through the use of patient self-administered questionnaires and clinical testing, with the exception of ozone exposure, which was obtained by reviewing the city of Dallas air monitoring records. The measures for the patient risk
Methods
factors and confounding variables obtained by the patient questionnaires were: asthma severity (asthma symptoms), age, The institutional review board at the authors' institution gender, educational level, active and passive smoking, upper approved the study protocol. The prospective cohort for the respiratory infection in the last month, asthma knowledge, study involved patients who were treated for acute asthma and asthma medication adherence. To assess indoor allergen at a public hospital ED between March 1997 and August exposure the study patients underwent allergy skin testing 1999 and had a 2-to 3-week follow-up. The purpose of the and completed a brief questionnaire. 2-to 3-week follow-up was to assess short-term response to Asthma severity was assessed as mild intermittent and mild acute asthma care, since most patients are expected to recover persistent, moderate, and severe persistent according to the from an acute asthma exacerbation in at least 2 weeks using NAEPP guidelines [20] , using asthma symptoms obtained by quick relief asthma medications for 3-10 days [20] . patient questionnaire and PEFR at the 2-to 3-week followUsing a convenience sampling design, we recruited patients up. into the study face to face in the ED in English and Spanish Asthma knowledge was assessed by using a questionnaire 8 hours a day and 7 days a week. In addition, a $50 financial based on an instrument developed by the National Heart, incentive was offered to patients for completing the study.
Lung, and Blood Institute (Check Your Asthma IQ) [23] . Inclusion criteria for the study patients were: (1) physician This questionnaire was self-administered and consisted of 12 diagnosis of asthma, and (2) [18 years of age. Asthma was true and false statements that assessed general knowledge of defined as having a history of asthma and an increase in the asthma (Table 1) . The measure demonstrated construct vaforced expiratory volume in one second (FEV 1 ) or PEFR of lidity, since univariate analysis (Pearson Product Correlation [12% in the last year documented in the paper medical Coefficient) indicated that higher asthma knowledge sigrecord [20, 21] . Patients who were hospitalized for acute nificantly and positively correlated with higher PEFR change asthma, or had a clinical diagnosis of acute sinusitis or (r=0.15, P=0.01). Based on data from the current study, pneumonia diagnosed by chest X-ray, were excluded. the reliability of this instrument was moderate (Cronbach's The predictor variables for the study included the patient alpha of 0.49) in English and Spanish for the study population risk factors associated with the outcome, PEFR.
(n=309), with a mean score of 80% (SD±13%). The PEFR was obtained before treatment of the acute Asthma medication adherence was assessed with an adapted asthma exacerbation in the Parkland ED and at the 2-to version of a four-item self-administered medication adherence 3-week follow-up visit. At the 2-to 3-week follow-up, study questionnaire that was valid and reliable [24] . Based on data patients also underwent allergy skin testing and asthma sefrom the current study, the reliability (Cronbach's alpha of verity assessment based on percent predicted PEFR testing, 0.73) of our adapted version was moderately high in English and completed self-administered questionnaires. Data oband Spanish for the study population (n=309), with a mean tained from the questionnaires included study patient: (1) score of 40% (SD±36%). sociodemographic, personal, and environmental charStudy patients were skin tested with indoor allergens acteristics; (2) asthma medication adherence; and (3) asthma (standardized mites: Dermatophagoides pteronyssinus and Dermatoknowledge.
phagoides farinae; cockroach mix: American and German; mold The outcome measure, percent predicted PEFR, was obmix: alternaria, hormodendrum, phoma, helminthosporium, tained on presentation for acute asthma care in the ED and aspergillis mix, penicillium mix, fusarium, rhizopus, mucor, at the 2-to 3-week follow-up visit. A 'zero time' PEFR was and pullaria; cat pelt; and dog hair and dander-mixed breeds) obtained at presentation for acute asthma in the ED, and a using the skin prick technique [25] . Indoor allergy and exmorning PEFR was obtained at the 2-to 3-week follow-up posure was determined to be present if study patients reported according to the American Thoracic Society guidelines [21] .
exposure to one or more of the indoor allergens associated A morning PEFR may be considered as an estimate of with a positive indoor allergen skin test at some time before baseline lung function when an FEV 1 is not available [22] .
the 2-to 3-week follow-up using the NAEPP's assessment The change in the PEFR was defined as the difference questions for environmental factors that worsen asthma [20] . between 2-to 3-week follow-up and the 'zero time' PEFR.
Since the study was conducted in a semi-arid region, we The percent predicted PEFR change ranged from -115 to assumed exposure to house dust-mites [20] . 590%.
Potential predictors of PEFR change were the patient risk Ozone exposure was assessed by obtaining daily ozone levels from two air monitoring sites located near the study Results patient's residences. Ozone exposure was calculated as the average of the daily ozone levels at both of the air monitoring The mean age for the 309 study patients was 37 years sites between the time of the acute asthma care and the 2-(range 18-72). Overall, the study patients were economically to 3-week follow-up. During the 30 month study the average disadvantaged with a mean annual family income of less than ozone level was 0.027 p.p.m. with a variance of 0.014 p.p.m., $15 000, primarily African American (59%), female (57%), and a minimum and maximum level of 0.001 and 0.164 unemployed (52%), and not married (59%). Seventy-seven p.p.m., respectively. percent had a high school education, with 38% having some Data from 309 study patients were available for analysis. college education (Table 2) . Fifty-one percent of the study The patient risk factors age, ozone exposure, lower asthma patients had active (31%) or passive (20%) cigarette smoke knowledge, and asthma medication non-adherence were exposure. The study patients' asthma severity for the four treated as continuous variables. The categorical patient risk different levels of asthma severity was mild intermittent (5%), factor variables were educational level (grades 9-11, high mild persistent (34%), moderate persistent (33%), and severe school graduate, 1-3 years of college, college graduate, and persistent (29%), as presented in Table 3 . The study population some post-graduate training) and asthma severity (mild in-was representative of all of the patients (n=1343) who were termittent, mild persistent, moderate persistent, and severe eligible for recruitment into the study in terms of age and persistent). The patient risk factors gender, indoor allergy and female gender. However, the eligible study patient population exposure, smoking (active or passive), and upper respiratory had a significantly greater number of whites and fewer infection were treated as dichotomous variables. Education African-Americans and Hispanics than the study population was missing for 27 study patients, and upper respiratory ( 2 =9.83 with 3 degrees of freedom, P=0.02). There were infection was missing for one study patient. These missing no significant differences between study patients who did variables were imputed using the mean value for the con-not complete the 2-to 3-week follow-up visit and the study tinuous variable, education, and the most frequently occurring population in terms of age, gender, and ethnicity. category for the categorical variable, upper respiratory in- Table 4 presents the PEFR changes in quartiles and the fection. associated study population characteristics mean values (age We performed univariate analyses on non-imputed data and ozone exposure), median scores (asthma severity, edufor 309 study patients. For regression analysis it is re-cational level, asthma knowledge, and asthma medication commended to have at least five and ideally 10-20 cases per adherence), and percentages (gender, indoor allergy and expredictor [26] . Multiple linear regression on data from 309 posure, smoking exposure, and upper respiratory infection). study patients was performed to predict PEFR change for These data indicate that higher asthma severity, female gender, the study's six predictor variables (ozone exposure, indoor and lower asthma knowledge significantly correlate with lower allergy and exposure, active and passive smoking, upper PEFR change. respiratory infection in the last month, asthma knowledge,
We performed univariate statistical analyses on non-imasthma medication adherence) controlling for four con-puted study patient data (n=309) to determine whether any founding variables (asthma severity, age, gender, and edu-of the study's six predictor factors positively correlated with cational level) to adjust for case-mix differences between lower PEFR change using the Pearson Product Correlation patients. Standard regression coefficients were used to cal-Coefficient and the Point Biserial Correlation Coefficient (Table 5 ). The predictor factor that correlated significantly culate confidence intervals [27] . ) why the strength of the correlation between lower asthma knowledge and a poor short-term clinical response was not higher and why some of the other proposed patient risk factors for asthma morbidity did not predict a poor shortterm clinical response, as measured by PEFR change at the and positively with lower PEFR change was lower asthma knowledge (r=0.15, P=0.01). These results are consistent study's 2-to 3-week follow-up.
A possible limitation of the study was that its construct with the data trends noted for the potential predictor factors and the associated PEFR change presented in Table 4. validity, which requires the study's variables to reflect the concepts that they are trying to measure [37] , was threatened Multiple linear regression with an alpha to enter the model at 0.05 (Table 5) indicated that the predictor factor for lower because it was not always possible to obtain a morning PEFR at 'zero time', as was done at the 2-to 3-week follow-up. PEFR change was indoor allergy and exposure (b=32.76, 95% CI=3.98-61.53, P=0.03). With an alpha to enter the On the other hand, although FEV 1 change is a standardized measure of lung function [22] and was possible to obtain at regression model at 0.10 (Table 5 ) predictor factors for lower PEFR change were indoor allergy and exposure (b=29.09, the 2-to 3-week follow-up, it was not available to establish a 'zero time' for this study, since PEFR was the usual acute 95% CI=0.16-58.01, P=0.05) and lower asthma knowledge (b=0.87, 95% CI=0.05-1.79, P=0.07). There were no asthma care in our hospital's ED.
Although it would be expected that asthma medication changes in the results when the absence of treatment with systemic corticosteroids during the 2-3 weeks before the non-adherence would be lower for acute asthma care as opposed to chronic asthma care, which has been reported follow-up was entered into the multiple linear regression model with an alpha to enter the model at 0.05 and 0.10. to be at least 70% [38] , it is possible that the asthma ..................................................................................................................................................................................................................... Chi-square.
5
Grades 9-11=1, high school graduate=2, 1-3 years of college=3, college graduate=4, and some postgraduate training=5. IQR, interquartile range. medication non-adherence (60%) for the study was biased effect [39] ; (2) provided socially desirable answers; or (3) simply did not know that they were incorrectly taking in the direction of better adherence. Plausible explanations for a lower than expected non-adherence rate in our study their medication because of poor asthma treatment knowledge. population are that the study patients: (1) increased their adherence as compared with baseline due to the Hawthorn Another possible limitation of the study is that although the Dallas-Fort Worth metropolitan area is reported to have Conclusions some of the highest ozone levels in the US [40], the measure for ozone exposure for the study, average ozone levels during The study's results suggest that outside of the recommended the 2-to 3-week period before the follow-up, may not have medication treatment there is a need to promote the wideadequately reflected the influence that the high ambient ozone spread use of cost-effective interventions that target indoor levels had on lung function. Therefore, further investigation allergen exposure and poor asthma knowledge, to improve is needed to determine what measure for ambient ozone short-term clinical response to acute asthma care in adults. exposure best determines its effect on lung function over These interventions should be tailored to populations at high specified intervals of time. risk for asthma morbidity, such as economically disadvantaged Although indoor allergens were found to be risk factors inner-city residents. High-risk patients consume a disfor lower lung function recovery in our study, their proportionate amount of health care resources, and therefore importance relative to the other risk factors tested in this reducing asthma morbidity in this group should lead to study could have been reduced. Evidence to substantiate significant savings in acute asthma care costs. the likelihood that indoor allergens were more important risk factors in our study is that although home characteristics have been found to strongly predict high and intermediate Acknowledgements levels of indoor allergens (cat, dust mite, and cockroach), their predictive power for low levels of these allergens We are indebted to Patsy Hargrave and Elizabeth McDonald present in the home is reduced [41] . However, it is also for patient recruitment and data collection, and Janet Smith important to emphasize that when measuring home allergen for database management. The study described in this publevels is cost and time prohibitive, such as in our study lication was supported by grant U18 HS09461-03 from the and in clinical practice, using patient report on home Agency for Healthcare Research and Quality (AHRQ), and characteristics to assess indoor allergen exposure offers an its contents are solely the responsibility of the authors and affordable and efficient alternative.
do not necessarily represent the official views of AHRQ. In addition, the patient risk factors indoor allergens and Presented in part at the 127th annual meeting of the American lower asthma knowledge only explained 25-26% of the Public Health Association, Chicago, IL, November 10, 1999. variance in short-term lung function change (Table 5) , which could have resulted from inaccurate measurements of the study's variables as described above, or that other important patient risk factor variables for asthma morbidity were not References included in the study. We believe that the possibility of important predictor factor variables having been excluded 
